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Spectroscopic Investigations in connection with the Active 
Modification of Nitrogen. — I. Spectrum of the Afterglow. 

By A. Fowler, E.E.S., Assistant Professor of Physics, Imperial College of 
Science and Technology, and the Hon. E. JV Strutt, M.A., F.E.S., 
Professor of Physics, Imperial College of Science and Technology, South 
Kensington. 

(Eeceived May 20,™ Eead May 25, 1911.) 

[Plate 10.] 

Method of Observation. 

The method of producing and isolating the nitrogen afterglow adopted in 
the observations dealt with in the present paper was that described by one 
of us in the recent Bakerian lecture.* A continuous stream of nitrogen was 
passed at low pressure through the exciting discharge tube, from which it 
was drawn into a side tube which was viewed end-on through a quartz 
window. The source of nitrogen was the commercial compressed gas, but it 
was purified to the required degree by passage through a tube containing 
chips of phosphorus and other tubes containing caustic potash and phosphorus 
pentoxide. The purer the nitrogen the more brilliant was the luminosity of 
the afterglow ; a small amount of oxygen in the nitrogen sufficed to destroy 
the deep yellow glow, and only a bluish-white luminosity was then visible. 

Three spectrographs have been employed in the investigation ; (1) a small 
quartz spectrograph, giving a linear dispersion of 5*5 cm. from \7000 to 
X 2200 ; (2) a larger quartz spectrograph giving 11*5 cm. for the same extent 
of spectrum ; (3) a Littrow spectrograph, with a prism of light flint glass, 
giving 16 cm. for the region X 7000 to \ 3800. For the determination of 
wave-lengths, comparison spectra of copper (with impurities of lead, etc.) 
were chiefly used. 

General Description of the Spectrum. 

As seen and photographed with instruments of small dispersion, the 
spectrum of the afterglow produced by the above method appears to be 
identical with that described by Lewis.f The luminosity, however, is so 
great, and its maintenance so easy, that considerable dispersion may be 
employed, and long exposures given, so that the spectrum can now be 
examined in much greater detail. 

* R, J. Strutt, 'Roy. Soc. Proc.,' 1911, vol. 85, p. 219. 
f ' Astrophys. Journ.,' 1904, vol. 20, p. 49. 
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The spectrum may be conveniently considered to consist of three groups of 
bands, namely : — 

Group a. — Three very conspicuous bands in the red, yellow, and green, 
with the brightest parts about wave-lengths 6252, 5804, and 5407. Another 
faint band about 5054 also belongs to this group. 

Group j3. — A series of 11 bands in the violet and ultra-violet, extending 
from 4312 to 2503. These are degraded towards the red, and have double 
heads. Other fainter series of bands of similar structure also belong to this 
group. 

Group 7. — A series of flutings, degraded to the more refrangible side, 
corresponding in every particular with Deslandres' "third positive" group of 
nitrogen bands. These have double-double heads and. extend from 3009 to 
2155. 

The stronger members of the second positive group of nitrogen bands 
(degraded to the violet, and extending from about 5000 to 3000) also 
appear in the spectrum of the afterglow, but they may have been introduced 
by internal reflections of the light from the exciting discharge tube, or by 
stray discharges in the afterglow tube itself, as Lewis did not find them 
by his method of observing the afterglow only when the discharge was 
interrupted. The first head of the cyanogen band at 3883 was also 
frequently present, but it may be accounted for by a slight carbon impurity,* 
and is not to be regarded as a part of the afterglow spectrum of pure 
nitrogen. The presence of carbon compounds was sometimes shown in 
another way by the strong line of carbon at 2478*7 in the spectrum of the 
discharge tube when the condenser was in circuit. 

The Bands of Group oc. 

The three bands of group a, in the less refrangible part of the visible 
spectrum, are the most striking feature of the afterglow spectrum when 
the nitrogen is as pure as possible. Their true characters and relationships 
were not revealed until they were photographed with the comparatively 
great dispersion of the Littrow spectrograph. It was then found that their 
structure was identical with that of the " first positive " bands of nitrogen, 
and further investigation revealed the previously unsuspected fact that 
they are also identical in position with bands of nitrogen. This result is 
shown by the photographic comparison given in Plate 10, fig. 1, which 
indicates the extraordinary selection of first positive bands for special 
enhancement in the afterglow. It will be seen that the afterglow bands 

* See Strutt, loc. cit., p. 228. 
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are not merely a survival of the brightest of the first positive bands,* but 
represent a special development of the more refrangible parts of the three 
groups into which the first positive spectrum is visibly divided. 

The positions of the various bands are roughly shown by the wave-length 
scale marked on the photographs. Adopting Von Helm's values for the 
nitrogen bands,! the wave-lengths and oscillation frequencies of the first 
heads of the principal bands which occur in the afterglow spectrum are as 
indicated in Table I. 

Table I. — The Visual Bands of the Afterglow (Group ce). 



Wave-length, 



Intensity. 



Frequency 
in vacuo. 



Frequency 
difference". 



Second 
difference. 



f 6322 *73 

Eed ...< 6252*81 

1 6185 -44 

f 5854 '69 

Yellow^ 5804-28 

L 5755 '20 



Green 



Green 



5442 *25 
5407 '08 
5372 -78 

5053 '6* 
5030 '8* 



2 
5 
1 

4 

10 

8 

1 

5 
5 

2 
2 



15812 
15989 
16163 

17076 
17224 
17371 

18370 
18489 
18607 

19782 
19872 



1235 



1265 



1293 



l 



r 
J 



30- 



28 



* Measures by Hasselberg. Identified by visual observations. 

The frequency differences and second differences for the strongest heads 
of the bands are given in the fourth and fifth columns of the table, and 
similar figures are obtained for the other corresponding heads. These 
differences are of interest as showing that the afterglow bands have not 
been selected at random from the numerous series which build up the first 
positive spectrum of nitrogen, but that they constitute three definite series 
of the usual character. They are, in fact, identical with three consecutive 
horizontal series in Cuthbertson's arrangement of the first positive bands of 
nitrogen in 13 series,^ namely :— 



* The faint bands less refrangible than 6322 shown in the photograph probably do not 
form part of the true afterglow spectrum, but represent part of the normal first positive 
spectrum accidentally superposed on that of the afterglow. 

t Kayser's * Handb. der Spectroscopic,' vol. 5, p. 828. 

J 'Phil. Mag.,' 1902, [6], vol. 3, p. 348. 
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Series 3. 



Series 4. 



Series 5. 



Series 6. 



S 



eries 7. 



Series a 3 
Series a 2 
Series a 3 



18370 


17076 


15812 




1412 


1413 


1412 




19782 


18489 


17224 


15989 




1383 


1383 


1382 




19872 


18607 


17371 



16163 



The association of the bands in the afterglow suggests that of the various 
possible arrangements of the first positive bands the horizontal series in 
the above table are perhaps specially significant. It will be observed that, 
on the frequency scale, a displacement of one of the horizontal series by an 
appropriate amount will result in its superposition on one or other of the 
remaining series, thus resembling the live series into which the second 
positive bands' of nitrogen have been divided by Deslandres.* 

The relation between the bands is shown in another way by the applica- 
tion of Deslandres' general formula for the first positive bands,f namely : — 



n 



22785-1 



(2m) 2 + — - — (2p + iy. 



8 



8 



The first horizontal series of the above table is obtained when m = 47 and 
}i = 42, 43, 44 ; the second when m = 46 and p = 41, 42, 43, 44 ; and the 
third when m = 45 and p = 40, 41, 42, 43. The bands shown in fig. lb 
which are less refrangible than 6322 do not belong to either of these series, 
and, as already pointed out, they probably do not form part of the afterglow 
spectrum, but have been introduced by accident. 

It thus appears that, in the less refrangible part of the spectrum, the 
afterglow shows no new bands, and only differs from that of the ordinary 
discharge through nitrogen in the concentration of the luminous energy into 
a small selection of the numerous series into which the first positive spectrum 
can be divided. 

It should be noted also that the first positive bands of nitrogen are 
greatly reduced in intensity in the condensed discharge, which generates 
the afterglow, as compared with the un condensed discharge, so that the 
partly abolished first positive bands may be considered to reappear in the 
afterglow, but with greatly modified intensities. Apart from the modification 
of intensities, for which we can offer no explanation at present, this observa- 
tion is in accordance with the view that nitrogen is partially dissociated in 
the condensed discharge, and that the afterglow is produced during the 
re-formation of ordinary nitrogen. 

* 'Compt.es Eendus,' 1887, vol. 104, p. 972. 
t 'Comptes Eendus,' 1902, vol. 134, p. 747. 
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The Bands of Group IB. 

The general character of the second group of bands, designated the 
8 group, will be gathered from Plate 10, fig. 2b. The positions of the brighter 
hands were only very roughly determined by Lewis, and it has been thought 
desirable to determine them with the considerable accuracy which is made 
possible by the use of the larger quartz spectrograph, and to include as many 
as possible of the fainter bands for the investigation of series relationships. 
The resulting wave-lengths for the principal series of bands, and their 
approximate intensities on a scale of 10 for the strongest, are shown in 
Table II, together with the oscillation frequencies in vacuo, and the first and 
second differences. The analysis of the intervals separating the bands 
suggests that the wave-lengths are correct to a few tenths of a tenth-metre. 

Table II. — Group /3 Bands of the Afterglow. 



Ware -length. 


Intensity. 


f 4312 '3 
i 4296 '5 


1 


f 4042 -8 
1 4028 -7 


2 


/ 3801 "9 
1 3789 -3 


4 


J 3584 -7 
1. 3572 -9 


r> 


f 3387 *2 
t 3376 '8 


9 


/ 3207 *4 
1 3198 -4 


10 


f 3043 -2 
1 3035 -0 


10 


J 2893-0 

L 2885 '4 


9 


j 2754 -5 

\ 2747 '9 


7 


1 J" 2626 -9 
1 1 2620 -9 


4 


j J 2509 -0 
I t 2503 -2 


1 



Frequency 
in vacuo. 



Frequency 
difference. 



Second 
difference. 



23183 
23268 

24728 
24815 

26295 
26383 

27888 
27981 

29514 
29605 

31169 
31257 

32851 
82940 

34556 
34647 

36294 
36381 

38057 
38144 

39845 
39937 



1 



1547 
1568 
1598 
1624 
1652 
1683 
1707 
1734 
1763 
1793 



J 



21 
30 
26 
28 
31 

27 
29 
30 



It will be seen that the bands form a well-defined series, with the 
strongest bands about the middle, as is often the case with band spectra. 
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The average second difference is about equal to that which appears to be 
common to the first and second positive nitrogen series, but otherwise the 
series is quite distinct, and the bands have a structure which is different, 
from that of any of the other bands attributed to nitrogen. 

The oscillation frequencies of the more refrangible heads of the bands are- 
closely represented by the formula 

n = 13'89m 2 - 18747, 

where m has values ranging from 55 to 65. The calculated differ from 

the observed values by amounts which only once reach as much as three 

units. 

In addition to this chief series of bands, there are several fainter ones 

of similar structure, particulars of which are given in Table III (see also 

Plate 10, figs. 2b and 36). These also form series, which may be conveniently 

designated /3i, 02, etc., as in the last column of the table. The intensities 

are roughly on the same scale as those of the main series in the previous 

table. 

Table III. — Fainter Bands of Group 0. 



Wave- 
length. 


Intensity . 


Frequency 
in vacuo. 


Series. 

i 

I: 


Wave- 
length. 


Intensity. 


Frequency 
in vacuo. 


Series. 


J 2951 '2 
1 2944 -0 


2 


33875 
33958 


01 


f 2558 -0 
t 2552 -3 


2 


39082 \ 
39169 


0i 


/ 2923 '8 
1 2916 -2 


2 


34192 
34281 


03 


J 2542 '8 
t 2537 -1* 


1 


39315 ! 
39404 


;J 


f 2809 '7 
1 2802 '7 


2 


35581 
35670 


•l 


f 2493 -9 
\ 2488 '3 


3 


40086 
40176 


ft 


J 2786 '5 
1 2780 -1 


2 


35877 
35960 


03 


f 2433 *2 
1 2428 '2 


3 


41086 
41171 


03 


f 2732 -2 
\ 2726 -0 


i 


36590 
36673 


02 


J 2387 -0 
\ 2382 -3 


1 


41881 
41964 


0,' 


f 2678 '8 
\ 2672 -9 


3 


37319 

37402 


01 


J 2331 -5 
\ 2326 '8 


2 


42878 
42965 


| 03 


J 2608 -6 
1 2602 -9 


2 


38324 

38408 


02 


J 2236 -1 
1 2232 *3 


1 


44707 
44783 


& 



* This head is hidden by the mercury line 2536 *7, accidentally present, and its position has 
been estimated by consideration of the intervals separating the component heads. 

These secondary series are related to the chief series and to each other 
in the same way that the constituent series of the first or second positive 
groups are related, such that a general displacement of one series by the 
proper amount will superpose it upon one of the other series. This is shown 
in the following arrangement of the frequencies : — 
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m = 66. 


m = 65. 


m = 64. 


m — 63. 


m = 62. 


m — 61. 


m = 60. 


Series # ... 




39937 


38144 


36381 


34647 


32940 


31257 


• 






1025 


1021 


1023 


1018 




» ^1 ... 






39169 

1007 


37402 

1006 


35670 
1003 


33958 




5? #2 ••• 




41966 

999 


40176 

995 


38408 
996 


36673 






jj P3 • • • 


44783 


42965 


41171 


39404 




35960 


34281 



It follows that the formula for the main series may be adapted to the- 
secondary series by an alteration of one of the constants thus — 

Series ft n = 13'89m 2 - 17725. 

„ ft n= 13-89m 2 - 16718. 

„ ft .. n = 13*89 m 2 - 15723. 

The values of m for the several vertical columns are shown in the tabular 
arrangement above. Series ft fails to show the band corresponding to 
m = 62 (X 2653*8), although there is no other band at this place which could 
mask it. 

The several series of group ft must clearly be regarded as forming a 
connected system, but they have no evident relation to the other known 
series of nitrogen bands. As in the case of the a group, however, the 
j3 group does not represent a spectrum which exists exclusively in the 
afterglow. The stronger bands were observed faintly by Lewis in 
the ordinary discharge through nitric oxide, and our own experiments have 
indicated that they occur under suitable conditions in similar discharges 
through air or nitrogen. This is illustrated in the case of air in Plate 10, 
fig. 2a. The original negatives show the five strongest bands of group 
(3377 to 2748) and the four bands of the series ft, and it is remarkable 
that the latter are relatively more developed than the chief £3 series in the 
air discharge. 

The bands of group ft are found in association with the third positive 
bands of nitrogen, dealt with in the next section, and, as in the case of those 
bands, we have not found sufficient evidence to show that anything but 
nitrogen is necessary for their development. 

The general result of the investigation of the ft group of bands is to show 
that, like group a, they tend to disappear from the spectrum of the exciting 
discharge, and they reappear with somewhat modified intensities in the 
afterglow. 
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The Bands of Group y. 

As already remarked, the third group of afterglow bands is identical with 
the third positive band spectrum of nitrogen. This is indicated by the 
photographs reproduced in Plate 10, fig. 3, which show the spectrum of tile 
afterglow in comparison with that of air. For convenience of reference, 
the positions of the less refrangible heads, from the data given by 
Schniederjost,* are indicated in Table IV. 

Table IV. — Chief Heads of Third Positive Bands of Nitrogen. 

8009-55 2478-90 

2859*80 2370/38 

2722*43 2269*57 

2595-80 2154-80 

These bands occur strongly in several other sources besides the afterglow 
and the uncondensed discharge in air or nitrogen. They are found in the 
spectrum of an uncondensed spark in air at atmospheric pressure, in the arc 
between metallic poles, in the flame of cyanogen, and in the Hame of ammonia 
burning in oxygen. Deslandres has suggested that they may be due to an 
oxide of nitrogen— developed by traces of oxygen in the case of a supposed 
nitrogen tube — as he found them to disappear from the spectrum when the 
nitrogen had been passed over heated sodium. The absence of the bands 
from the condensed discharge in nitrogen is also regarded by Lewis as 
favouring their oxide origin, the idea being that the bands vanish because 
of the decomposition of the compound which is thought to produce them. 

We have not been able to convince ourselves, however, that these third 
positive bands require anything more than nitrogen for their production. 
With all precautions to exclude oxygen, the bands have always been present 
in the afterglow spectrum, even when the nitrogen was passed through 
melted phosphorus before it entered the discharge tube. In the discharge 
tube itself, it was found that the presence or absence of the bands seemed 
to depend only upon the intensity of the discharge. In the condensed 
discharge, and in the uncondensed discharge, if of sufficient intensity, the 
bands in question are wanting, but with other things remaining the same 
they made their appearance when the strength of the discharge was 
sufficiently reduced. It would thus appear that the third positive bands 
are more sensitive to changes in the discharge than the bands of the first 
and second positive groups, and are the first to be abolished as the discharge 
approaches that necessary to produce the line spectrum. 

* * Zeitsch. f. wiss. Photog.,' 1904, vol. 2, p. 265. 
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The general behaviour of these bands in relation to the afterglow is very 
similar to that of the a and /3 groups. They occur in the uncondensed 
discharge, disappear in the stronger discharge which produces the afterglow, 
and reappear in the afterglow ; they differ from the other two groups, 
however, in that there is no notable change in the relative intensities of the 
component bands. 

Spectrum of Exciting Discharge. 
It seemed important to compare the spectrum of the condensed discharge 
which develops the afterglow with that of the uncondensed discharge which 
ordinarily fails to do so. In the first place it was found that a discharge 
giving only the line spectrum does not excite the afterglow. A special tube 
was constructed with a very narrow capillary. The electrodes projected 
almost into this capillary, so as to avoid any development of the band 
spectrum in the wider parts of the tube, which might have made the result 
ambiguous. A current of pure nitrogen was passed through this tube, 
excited by the condensed discharge, but no afterglow w T as observed. The 
same current of rarefied nitrogen passed on its way to the pump through 
a wider discharge tube capable of giving the band spectrum. When the 
discharge was transferred to this tube, the afterglow was well developed. 
This served as a check, to prove that the failure to obtain the afterglow in 
the previous instance had not been due to any defect in the quality of the 
gas. It was accordingly only necessary to investigate the modifications of 
the hand spectrum which occur in passing from a discharge of moderate 
intensity without condenser to a discharge with the condenser. 

It was already known that the effect of the condenser is to reduce the 
intensity of the first positive bands, to brighten the second positive bands, 
and to abolish those of the third positive group. We have found in addition 
that a new series of seven bands in the ultra-violet appears in the spectrum 
of the condensed discharge. There appears to be no previous record of 
these bands in the observations made by Deslandres and others, but there 
seems to be no reason to doubt that they belong to nitrogen. For purposes 
of reference, this series may be conveniently called the " fourth positive " 
group of nitrogen. 

As photographed with the larger quartz spectrograph (Plate 10, fig. 46), each 
of the fourth positive bands shows five principal heads, of which the most 
refrangible is the strongest in each case, and the middle one next in order of 
brightness. The fiutings are degraded towards the more refrangible end of 
the spectrum. 

The wave-lengths of the bands, their relative intensities, oscillation 
frequencies, and frequency differences are shown in Table Y. 
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Wave- 
length. 



2903 
02 
00 

2898 
96 

2777 
76 
75 
72 
71 

2660 
59 
57 
55 
54 

2550 
49 
48 
46 
45 

2448 

47 
45 
44 

42 

2351 
50 
49 

47 
46 

2260 
59 
58 
57 
56 



9 

3 

1 



9 
5 
1 

8 



7 

7 
4 
6 





6 

8 

4 
3 

5 
4 



Table V. — Fourth Positive Bands of Nitrogen. 



Intensity. 



i> 



~) 



y 2 



4 !J 



n 



5 
3 

9 

8 

5 U 



I* 



h 

J 
"1 



}> 10 

I 

i 

J 



1 



J 



8 h 

6 ! ! 



4 

1 l| 

o [J 



!> 



6 



Frequency 
m vacuo. 



34427 
449 
469 
496 

34513 

35988 

36006 

024 

054 

36072 

37576 
593 
613 
643 

37661 

39192 
209 
229 

257 
39277 

40838 
854 
878 
905 

40925 

42515 
535 
559 
586 

42606 

44219 
242 
266 
291 

44313 



Frequency 
difference. 



1 



j» 1561 

i 

j 



1- 1588 

I 
J 



i- 1616 

J 

[ 1646 



"1 

I 
i 

t 



1677 



J 
1 



y 



1704 



J 



Second 
difference. 



Remarks. 



1 



I- 27 



J 



I- 



Also a faint head at 2774 *3. 



28 



F 



30 



t 31 



J 

"A 



J* 27 



1 



Also a faint head at 2657 *0. 



Also a faint head at 2547 *7. 



Also a faint head at 2445 *0. 



i This band is not very well 
' ! defined on the photographs. 



J 



The structure of these bands is different from that of any belonging to the 
other groups of nitrogen, but a possible relation to the second positive bands 
is suggested by a consideration of their series relationships, and by the fact 
that both sets of bands are specially developed in the condensed discharge. 
The probable relation of the new bands to the second positive nitrogen group 
will be sufficiently indicated hf the following comparison with Series III 
of the second positive spectrum. The oscillation frequencies (in vacuo) 
for the latter have been calculated from the wave-lengths given by 
xxmes i 

* 'Phil. Mag.,' 1890, [5], vol. 30, p. 48. 
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2nd positive. 


4th positive. 


jl* xxx t? jrt?xi kj " • 


Series III. 


First heads. 
34427 


23798 


10629 


25357 


35988 


10631 


26946 


37576 


10630 


28562 


39192 


10630 


30208 


40838 


10630 


31882 


42515 


10633 


33585 


44219 


10634 



The difference is constant within the limits of error, and numerically, at 

least, the fourth positive bands are related to the second positive as the 

-several series of the latter are related to each other. The figures in the 

first and second columns of the foregoing table may be respectively calculated 

from the formulae 

n = 14*306m 2 -17918, 

n = 14'306m a - 7288, 

where m ranges from 54 to 60. 

The fourth positive bands appear to be the most characteristic feature of 
the spectrum of the discharge which produces the afterglow, but a change 
of state in the nitrogen is also indicated by the modified intensities of the 
other three positive groups. The bands are also found, but with less 
intensity, in the condensed discharge through a tube containing air, and if 
they are characteristic of the afterglow-producing gas, it may be presumed, in 
accordance with other experiments, that the absence of the nitrogen after- 
glow in air tubes is due to the presence of oxygen. 



Summary. 

(1) The paper gives a detailed account of the spectrum of the afterglow 
of pure nitrogen, with wave-length determinations of sufficient accuracy to 
indicate the series relationships of the various bands. 

(2) The characteristic bands of the afterglow in the red, yellow, and- 
green are complex groups which have been found to be identical with some 
of the bands forming the sequence known as* the first positive group of 
nitrogen. They represent a special development of three of the numerous 
series into which the first positive bands have been divided. 

(3) The second group of afterglow bands, extending from 4312 to 2503, 
corresponds with a group of faint bands which occur in the uncondensed 
discharge in air or nitrogen, and the third group is identical with the third 
positive group of nitrogen bands, as previously shown by Lewis. 

(4) The most characteristic feature of the condensed discharge which 
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produces the afterglow is a series of seven complex bands, occupying the 
region 2904 to 225.6, which have not previously been recorded as belonging 
to nitrogen. It is suggested that these should be designated the " fourth 
positive " group of nitrogen bands. 

(5) No afterglow is excited when the discharge is such as to give only the 
line spectrum of nitrogen. 

The authors are indebted to Mr. H. Shaw, A.E.C.S., for valuable assistance 
in the computation of wave-lengths, and in enlarging the photographs for 
reproduction. 

DESCRIPTION OF PLATE. 

la. Uncondensed discharge in nitrogen, showing the first positive bands in the red, 

yellow, and green. 
1 b. Afterglow bands of Group a, showing relation to first positive bands. 

2a, Uncondensed discharge in air, violet and ultra-violet region, showing second positive 

bands of nitrogen, part of the third positive group, etc. 
2b. Afterglow bands of Group jS, which are also seen faintly in the spectrum of air, 2a. 

3a. Uncondensed discharge in air, ultra-violet region, showing the third positive bands 

of nitrogen, etc. 
36. Afterglow bands of Group j8 and Group y (third positive nitrogen). 

4a. Uncondensed discharge in nitrogen, ultra-violet region. 

4b. Condensed discharge in nitrogen, which excites the afterglow, showing the new 
" fourth positive " bands. 

la and 16 were taken with the Littrow spectrograph and the remainder with the larger 
quartz spectrograph. The scales attached to the photographs are strictly only applicable 
to the upper spectrum in each pair, owing to difficulties of mounting. 
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SPECTRUM OF NITROGEN AFTERGLOW 
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DESCRIPTION OP PIATK. 

'\a. Cncondeused discharge in nitrogen, showing the first positive bands in the red, 

yellow, and green. 
16. Afterglow bunds of Group a, showing relation to first positive bands. 
"In. Uneondensed discharge in air, violet and ultra-violet region, showing second positive 

bands of nitrogen, part of the third positive group, etc. 
2b. Afterglow bands of Group 3, which are also seen faintly in the spectrum of air, 2a. 
3a. Uneondensed discharge in air, ultra-violet region, showing the third positive bands 

of nitrogen, etc. 
3/;. Afterglow bands of Group fi and Group y (third positive nitrogen). 
4a. Uneondensed discharge in nitrogeu, ultra-violet region. 
4h. Condensed discharge in nitrogen, which excites the afterglow, .showing the new 

"fourth positive" bands. 
1« and lo wore taken with the Littrow spectrograph and the remainder with the larger 
quartz spectrograph. The scales attached to the photographs are strictly only applicable 
to the upper spectrum in each pair, owing to difficulties of mounting. 



